Candida glabrata is a salt-tolerant and fluconazole (FLC)-resistant yeast species. Here, we analyse the contribution of plasma-membrane alkali-metal-cation exporters, a cation/proton antiporter and a cation ATPase to cation homeostasis and the maintenance of membrane potential (DY). Using a series of single and double mutants lacking CNH1 and/or ENA1 genes we show that the inability to export potassium and toxic alkali-metal cations leads to a slight hyperpolarization of the plasma membrane of C. glabrata cells; this hyperpolarization drives more cations into the cells and affects cation homeostasis. Surprisingly, a much higher hyperpolarization of C. glabrata plasma membrane was produced by incubating cells with subinhibitory concentrations of FLC. FLC treatment resulted in a substantially increased sensitivity of cells to various cationic drugs and toxic cations that are driven into the cell by negative-inside plasma-membrane potential. The effect of the combination of FLC plus cationic drug treatment was enhanced by the malfunction of alkali-metal-cation transporters that contribute to the regulation of membrane potential and cation homeostasis. In summary, we show that the combination of subinhibitory concentrations of FLC and cationic drugs strongly affects the growth of C. glabrata cells.
INTRODUCTION
Candida glabrata is an opportunistic human pathogen more phylogenetically related, despite its name, to Saccharomyces cerevisiae than to the group of other Candida species (Dujon et al., 2004; Fitzpatrick et al., 2006) . The prevalence of C. glabrata (now the second most common causative agent of fungal infection) began to increase after the introduction of candidaemia treatment and prophylaxis with fluconazole (FLC), because of the frequent resistance of C. glabrata to this azole antifungal (Pappas et al., 2009; Pfaller et al., 2012; Ruhnke et al., 2011) . The virulence of C. glabrata depends on its ability to maintain crucial metabolic homeostasis under a broad range of stresses. Intracellular cation homeostasis, which provides the cytosol with the high amount of potassium required for many physiological functions such as pH, cell volume and membrane potential (DY) regulation, and also maintains a low intracellular level of toxic sodium, is an important yeast cell fitness parameter (Ariño et al., 2010) .
Yeast cells possess a series of transporters with varying transport mechanisms that provide cells with the required amount of potassium or eliminate the surplus of alkali metal cations from the cytoplasm, either by exporting them from the cell or by sequestrating them in organelles (Ariño et al., 2010; Ramos et al., 2011) . We previously characterized two main exporters of alkali metal cations of C. glabrata, Cnh1 Na + /H + antiporter and Ena1 ATPase, using heterologous expression in S. cerevisiae and deletion of the corresponding genes in C. glabrata (Krauke & Sychrova, 2011) . The two systems have a different function in C. glabrata cells; cation/ H + antiporter Cnh1 is mainly involved in the regulation of potassium content, it exports surplus K + from cells, and it is expressed constitutively. In contrast, Ena1 ATPase exports toxic Na + and Li + from the cell, and its expression is upregulated upon osmotic stress. However, Ena1 is probably not an exclusive system for Na + export in C. glabrata cells, as deletion of the corresponding gene led to only a 30 % decrease in sodium efflux (Krauke & Sychrova, 2010a .
The specific uptake of potassium, as well as the export of alkali metal cations, depends on the plasma-membrane potential, which is mainly composed of the inward gradient of protons (Ramos et al., 2011; Saier et al., 2009) . The proton gradient is built by the plasma H + -ATPase, which is encoded by the essential PMA1 gene in S. cerevisiae and whose orthologue CgPMA1 was identified in C. glabrata (Bairwa & Kaur, 2011; Goffa et al., 2011) . The proton motive force across the plasma membrane serves as an essential source of energy for many different processes such as nutrient uptake, drug efflux and pH maintenance, and its disruption resulting in cell death is the main antifungal mechanism of certain antimycotics (Maresova et al., 2009) . The widely used antifungal triazole FLC changes the plasma-membrane and cell-wall integrity via the inhibition of one of the enzymes (sterol 14a-demethylase) in the ergosterol synthesis pathway. Thus the growth of cells in the presence of FLC results in a changed plasma-membrane lipid composition accompanied by a substantial hyperpolarization, causing an increased influx of alkali metal cations and cationic drugs into yeast cells (Elicharova & Sychrova, 2013) . Some other azoles (miconazole and ketoconazole) were shown to hyperpolarize S. cerevisiae plasma membranes immediately after their addition (Calahorra et al., 2011) . The ion-channel blocker amiodarone is known to extensively hyperpolarize S. cerevisiae cells (Maresova et al., 2009) and was shown to have a synergistic effect with FLC in terms of killing Candida albicans cells (Gupta et al., 2003) .
In this study, we aimed to explore in more detail the role of alkali-metal-cation export systems in the maintenance of membrane potential and cation homeostasis in C. glabrata cells, using a newly constructed double mutant lacking both main alkali-metal-cation exporters (Cnh1 and Ena1) and also C. glabrata-optimized monitoring of relative plasma-membrane potential as a key factor of the nonspecific uptake of cations. A detailed phenotypic characterization of the double mutant, single mutants and WT strain showed a previously unknown contribution of these transporters to alkali-metal-cation homeostasis in C. glabrata cells, and helped to elucidate the effect of FLC treatment on relative membrane potential and alkalimetal-cation homeostasis in this pathogenic yeast species.
METHODS
Strains and cultivation. The strains used in this study are listed in Table 1 . Yeast cells were maintained and propagated in YPD medium (1 % yeast extract, 2 % peptone, 2 % glucose) at 30 uC.
C. glabrata ena1Dcnh1D strain construction. The C. glabrata ena1Dcnh1D strain was constructed using the SAT1 flipper cassette (Reuss et al., 2004) . The CgCNH1and CgENA1 deletion cassettes with corresponding diagnostic oligonucleotides as described previously (Krauke & Sychrova, 2011) were used to delete the CgCNH1 gene in an ena1D strain and the CgENA1 in a cnh1D strain. The deletion cassettes were cut out of the plasmids using unique restriction sites and used to transform the C. glabrata single mutants by electroporation. Clones were selected by growth on YPD supplemented with 200 mg nourseothricin ml 21 (Werner Bio-agents). The integration of the cassettes and their location was verified by diagnostic PCR as described previously (Krauke & Sychrova, 2011) . Five independent transformants with correctly integrated cassettes were tested for phenotype (KCl and NaCl tolerance). Four strains had the same and expected phenotype, i.e. high sensitivity to both KCl and NaCl. The integrated cassettes were eliminated from the locus by growth in YPM (1 % yeast extract, 2 % peptone, 2 % maltose) and subsequent screening for nourseothricin-sensitive clones on YPD plates with 25 mg nourseothricin ml
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. The successful removal of the integrated cassette was verified by diagnostic PCR.
Growth assay. Growth phenotypes of the strains in the presence of salts, FLC or cationic drugs were tested both on solid and in liquid media. Classical drop tests were performed to compare the growth capacity of C. glabrata strains. Cells were grown in YPD medium, supplemented as indicated at 30 uC. Agar (2 %) was added to solidify the plates. Salts were added before autoclaving; drugs [FLC (Ardez), hygromycin B (MP Biomedicals), tetramethylammonium (Sigma), spermine (Sigma)] were sterilized by filtration and added to the media after autoclaving. Yeast cells (grown overnight on a fresh YPD plate without supplements) were resuspended in sterile water to the same initial OD 595 1 (Amersham Ultraspec 10, 1 cm cuvette, samples diluted tenfold before measurement). Tenfold serial dilutions were prepared and 3 ml aliquots spotted on a series of plates containing the indicated concentrations of supplements. Plates were incubated at 30 uC for 3 or 7 days, and digital greyscale images of growing colonies were taken using a Nikon Coolpix7000 camera. Each drop test was repeated at least three times and representative results are shown.
To compare the growth in liquid media an Elx808 BioTek 96-well plate reader was used (Maresová & Sychrová, 2007) . Cells growing overnight in liquid YPD were diluted to OD 595 0.002 in YPD with supplements at the indicated concentrations. Aliquots (100 ml) were distributed into the plate wells and the optical density in each well was measured at 595 nm at 1 h intervals with intensive shaking of the microplate. Data are shown as the mean of four growth curves (error bars are not shown, but the SE did not exceed 15 %) or as the maximal growth rate V max . The V max value for each growth curve was determined by performing a linear regression, calculating the slope for each curve and reporting the steepest slope as the V max (mOD 595 min 21 ) using the software Gen5. The plotted values of V max are the mean±SE of three separate experiments.
Sodium content and efflux assay. To estimate the intracellular sodium content or measure sodium efflux, cells growing overnight in ] in -measurement. For the sodium preloading, fresh YPD supplemented with 1 M NaCl (0.25 M final concentration) and FLC (when indicated) was added and cultivation continued at 30 uC for 60 min. The cell culture was then harvested and washed with H 2 O. To estimate the intracellular sodium content, the pellets were resuspended in incubation buffer [20 mM MES, 0.1 mM MgCl 2 , adjusted with Ca(OH) 2 to pH 5.5] and three aliquots of cells were withdrawn immediately. Aliquots were filtered, acid extracted and the concentration of Na + in the extracts was estimated by atomic absorption spectroscopy (Kinclová et al., 2001) . To measure sodium efflux, washed pellets were resuspended in the same incubation buffer supplemented with 2 % glucose and 50 mM KCl to prevent the reuptake of lost Na + , and samples were withdrawn at distinct time points for 60 min. The data are plotted as the mean± SE of three separate experiments.
Relative membrane potential assay. The fluorescence assay for monitoring relative membrane-potential changes was adapted from Denksteinova et al. (1997) , Maresova et al. (2006) and Peña et al. (2010) as follows: cells grown overnight in YPD were diluted in 20 ml fresh YPD with or without FLC to OD 595 0.15 and incubated at 30 uC for two cell cycles. Cells were harvested, washed twice with a MES/ TEA buffer (10 mM MES adjusted with triethanolamine to pH 6.0) and resuspended in the same buffer to OD 595 0.2. A diS-C 3 (3) (3,3-dipropylthiacarbocyanine iodide) fluorescence probe (Sigma; 0.1 mM stock solution in ethanol) was added to 3 ml cell suspension to a final probe concentration of 0.2 mM. When indicated, FLC or amiodarone (Sigma; 20 mM stock solution in DMSO) was added to the cell suspension in MES/TEA buffer immediately after the fluorescence probe, just before fluorescence measurement. CCCP (carbonylcyanide p-chlorophenylhydrazone; Sigma; 50 mM stock solution in DMSO) was added to the measured samples to the final indicated concentration when the fluorescence signal reached its equilibrium. Fluorescence emission spectra were measured with an ISS PC1 spectrofluorometer. The excitation wavelength was 531 nm, and emission intensities were measured at 560 and 580 nm. The data are given as either staining curves (i.e. the dependence of the emission intensity ratio I 580 /I 560 on the duration of staining t) or the value of the intensity ratio at equilibrium, which was estimated as described in Malác et al. (2005) . The values shown are the mean±SE of three separate experiments.
RESULTS AND DISCUSSION
Characterization of C. glabrata ena1Dcnh1D strain Firstly, we characterized the salt tolerance of the newly constructed C. glabrata double mutant strain ena1Dcnh1D lacking both the Ena1 ATPase and Cnh1 antiporter. We compared its salt tolerance to the salt tolerance of the WT and single mutant strains (ena1D, cnh1D). The growth of the four strains was tested on a series of plates containing a broad range of salt concentrations (0.5-2.7 M KCl, 0.005-0.5 M LiCl and 0.25-1 M NaCl). The three salts were chosen as a non-toxic solute that mainly increased the osmotic pressure (KCl), a moderately toxic solute that increased the osmotic pressure (NaCl) and a highly toxic solute (LiCl) whose toxicity prevents its use at concentrations causing a high osmotic stress.
The C. glabrata WT was able to grow on a high concentration of KCl (2.7 M). The findings that deletion of the CNH1 gene decreased KCl tolerance but deletion of the ENA1 gene did not (Fig. 1a) were in accordance with our previous results (Krauke & Sychrova, 2010b . A new finding was a significantly decreased KCl tolerance of the double mutant ena1Dcnh1D strain, which did not grow on 1 M KCl (Fig. 1a) . This decreased KCl tolerance of the double mutant demonstrated the participation of the Ena1 ATPase in the efflux of surplus K + in C. glabrata cells.
Secondly, we tested the sensitivity of all four strains to LiCl. Consistent with our earlier results (Krauke & Sychrova, 2011) , the WT and cnh1D strain tolerated LiCl much better than the ena1D strain (Fig. 1a) . When we compared the growth of LiCl-tolerant strains on a borderline high concentration of LiCl (0.5 M), we observed that the cnh1D strain grew slightly better than the WT. The double mutant, similarly to the ena1D strain, did not grow on 0.25 M LiCl (Fig. 1a) . A series of drop tests (5-100 mM LiCl) gave a maximal tolerated LiCl concentration of 15 mM for both strains lacking the ENA1 gene (not shown). Growth experiments in liquid medium verified the drop test's results that the lethal LiCl concentration for ena1D and ena1Dcnh1D strains is 15 mM, and showed slightly better growth of the double mutant strain in the presence of 2.5, 5 and 10 mM LiCl (Fig. 1b) . The moderate Li + -protective effect of CNH1 deletion (observed when the WT was compared with cnh1D or ena1D with ena1Dcnh1D strains) is probably caused by a decreased loss of K + from cells lacking the Cnh1 exporter, which leads to a lower negative charge inside the cell, and consequently to a decreased non-specific uptake of Li
Finally, we focused on NaCl tolerance. Fig. 1(a) shows the growth of all four strains on YPD plates supplemented with NaCl, where differences among the strains were observed. The WT and cnh1D strains tolerated NaCl much better than the other two strains that lacked the ENA1 gene. In contrast to when testing LiCl tolerance, we did not observe any difference in the growth of the WT and cnh1D cells on plates with high NaCl concentrations (1-1.4 M; not shown). We hypothesize that the protective effect of a decreased loss of K + from cells (due to the lack of Cnh1 antiporter) on toxic alkali-metal-cation tolerance was sufficient to reduce the influx of Li + (0.5 M), but it was not able to affect Na + influx to the same degree because of the higher external NaCl concentration (1-1.4 M).
The double mutant grew more poorly than the single ena1D mutant on 0.5 M NaCl and only a few NaClresistant colonies appeared on 0.75 M NaCl (Fig. 1a) . Also the growth rate of the ena1D strain in liquid YPD medium supplemented with 0.5 and 0.75 M NaCl was higher than the growth rate of the double mutant (Fig. 1c) . These results suggested that although sodium cations are mainly exported by the Ena1 ATPase, they are also exported by Cnh1 in C. glabrata cells.
To characterize NaCl tolerance and the role of both cationefflux systems in more detail, we measured the [Na + ] in of all four strains using atomic absorption spectroscopy. Cells were incubated in YPD medium containing 0.25 M NaCl (this concentration was well tolerated by all strains; Fig. 1a ) and the intracellular sodium content was estimated after 60 and 120 min. The accumulation of Na + in the WT and cnh1D strain did not differ significantly, and their sodium content decreased over 120 min of incubation with NaCl (Fig. 2a) . This decrease in [Na + ] in did not appear in either of the strains lacking the Ena1 ATPase (ena1D and ena1Dcnh1D), suggesting that the Ena1 ATPase is responsible for the maintenance of low intracellular sodium concentration under our experimental conditions. The role of Ena1 was also visible from a comparison of the intracellular amounts of Na + , where the strains without the ENA1 gene accumulated much more sodium than the WT and cnh1D strains within 1 h of incubation with NaCl [approx. 140 vs 60 nmol (mg dry weight)
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; Fig. 2a ]. The small difference in sodium content in cells lacking either only the ENA1 gene or both the ENA1 and CNH1 genes (Fig. 2a) again showed that the Cnh1 antiporter weakly contributes to sodium efflux.
Further, the sodium efflux was measured to verify whether the observed increased Na + accumulation in ena1Dcnh1D cells is due to a diminished ability to export sodium cations. The cells of all four strains were preloaded in medium with 0.25 M NaCl for 60 min, washed and resuspended in incubation buffer containing 2 % glucose and 50 mM KCl to prevent the reuptake of lost Na + . The samples were withdrawn immediately after resuspending in incubation buffer (time 0) and after 30 and 60 min. Fig.  2(b) demonstrates the differing Na + efflux capacity of the C. glabrata strains. The WT and cnh1D strains pumped out approximately 90 % of their accumulated Na + within 30 min and contained almost no Na + after 60 min, while the ena1D strain lost only 34 % of its Na + within the first 30 min and still contained 36 % of its Na + after 60 min of incubation in a sodium-free buffer. The double mutant had the lowest Na + efflux capacity of all four strains (Fig. 2b) , confirming the involvement of Cnh1 in sodium export.
In summary, the construction of the double mutant and its detailed characterization gave us some new results. It showed unambiguously and for what is believed to be the first time that the Cnh1 antiporter contributes to the elimination of toxic sodium in C. glabrata cells; although this contribution is quite small compared to the situation in S. cerevisiae, where both the antiporter and the ATPase contribute almost equally to cation homeostasis (Ariño et al., 2010).
Estimation of relative membrane potential
The relative plasma-membrane potential and its changes in all four C. glabrata strains was monitored using a diS-C 3 (3) assay. This assay is based on the potential-dependent distribution of the diS-C 3 (3) fluorescence probe across the cell membrane, and the emission intensity I 580 /I 560 ratio reflects the relative membrane potential. This technique has been used to monitor the plasma-membrane potential changes in S. cerevisiae (Denksteinova et al., 1997; Maresova et al., 2006) and other yeast species (Elicharova & Sychrova, 2013; Stříbný et al., 2012) . To confirm that diS-C 3 (3) assay is a suitable technique for monitoring membrane-potential changes in C. glabrata cells, we first measured the diS-C 3 (3) probe staining curves of C. glabrata WT cells growing in YPD and then monitored the effect of the addition of drugs known to cause a depolarization (CCCP) or a hyperpolarization (amiodarone) of yeast plasma membranes (Maresova et al., 2009) . The I 580 /I 560 ratio of C. glabrata cells stabilized at 1.57±0.18 after 15 min of staining (Fig. 3a) . The addition of 10 mM CCCP to C. glabrata WT cells at equilibrium resulted in a drop of DY, whereas 5 mM amiodarone added together with the probe caused a rapid hyperpolarization of C. glabrata cells (Fig. 3a) . These observations confirmed the reliability of the diS-C 3 (3) assay for estimating the relative DY and its changes in C. glabrata cells.
Further, we compared the I 580 /I 560 ratios for all four C. glabrata strains to estimate whether the deletion of CNH1 and/or ENA1 genes influences the plasma-membrane potential. Fig. 3(b) shows the I 580 /I 560 ratio at the staining equilibrium (mean of 10 experiments) for cells growing exponentially in YPD. We did not observe any distinctive differences in DY between the strains, though the double ena1Dcnh1D mutant (I 580 /I 560 51.98±0.16 approx.) was significantly (P50.036) hyperpolarized compared to the WT (I 580 /I 560 51.57±0.18 approx.), which could be the result of diminished K + fluxes across the plasma membrane in this strain, if the regulation of membrane potential and potassium fluxes is interconnected in C. glabrata cells as it is in S. cerevisiae organelles (Ariño et al., 2010) . In order to elucidate whether this effect on membrane potential might result in a changed tolerance/sensitivity of C. glabrata cells to alkali-metal cations and cationic drugs, we combined the use of mutant cells lacking the exporters of alkali metal cations, FLC treatment and tests of cation/drug tolerance.
Effect of FLC on relative membrane potential
Treatment with subinhibitory concentrations of FLC was shown to hyperpolarize the plasma membrane of various non-glabrata Candida species, e.g. C. albicans, C. dubliniensis, C. parapsilosis (Elicharova & Sychrova, 2013) , and consequently to result in a higher amount of alkali metal cations in cells. C. glabrata cells are known to be FLC-resistant. Thus, ] in corresponding to 100 % are listed above.
Fluconazole hyperpolarizes C. glabrata plasma membrane we first estimated a subinhibitory concentration of FLC that did not affect the growth of the WT and the mutant strains.
According to a drop test on YPD supplemented with FLC (10-200 mg ml
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; Fig. S1 , available in the online Supplementary Material) we selected 20 mg FLC ml 21 as the subinhibitory concentration for all four strains. To compare changes in the relative DY of C. glabrata strains caused by FLC treatment, we divided overnight-grown cells into three aliquots and incubated them in fresh YPD (OD 600 0.15) in the absence (aliquots 1 and 2) or presence (aliquot 3) of 20 mg FLC ml 21 for 4 h (to reach OD 600 0.6). The cells were then transferred to the MES/TEA buffer, the diS-C 3 (3) probe was added and fluorescence measured. The first aliquot served as a control, the second aliquot was used to monitor the immediate effect of FLC (20 mg ml 21 ), which was added together with the probe, and the third aliquot of cells served to monitor the changes in DY resulting from the presence of FLC during cell growth. FLC had no immediate effect on the DY of any C. glabrata strain; however, the cells of all four strains treated for two cell cycles with a subinhibitory concentration of FLC were significantly hyperpolarized. Fig.  4(a) shows that the treatment with FLC more strongly increased the I 580 /I 560 ratio of both strains lacking the ENA1 gene (ena1D, I 580 /I 560 53.69±0.13; ena1Dcnh1D, I 580 /I 560 5 3.47±0.15) than the I 580 /I 560 ratio of the WT (2.51±0.03) and cnh1D strains (2.80±0.08). To verify that the FLC treatment really did hyperpolarize C. glabrata cells, especially both strains lacking the ENA1 gene, we performed a series of drop tests on YPD with three cationic toxic compounds (tetramethylammonium, hygromycin B and spermine) that differ in their mode of action. These drugs enter yeast cells according to their plasma-membrane potential, i.e. more hyperpolarized cells are more sensitive to these drugs (Barreto et al., 2011; McCusker et al., 1987; Perlin et al., 1988) . Fig. 4(b) shows the growth of C. glabrata cells on YPD plates containing subinhibitory concentrations of FLC (20 mg ml
) or low concentrations of cationic drug (0.5 M tetramethylammonium, 200 mg hygromycin B ml 21 , 5 mM spermine) or combinations of them. Combining a very low concentration of any of the three drugs with the subinhibitory concentration of FLC inhibited significantly the growth of all four C. glabrata strains. Moreover, hygromycin B+FLC and spermine+FLC affected both strains lacking the ENA1 gene more than the WT and cnh1D strains (Fig. 4b) . These observations together with the DY measurements confirmed that the subinhibitory concentration of FLC hyperpolarized C. glabrata cells and showed for what is believed to be the first time that the Ena1 ATPase is involved in the maintenance of the plasma-membrane potential of C. glabrata cells, and that its malfunction contributes to membrane hyperpolarization upon FLC treatment. The connection between the activity/expression of Ena1 ATPase and the level of plasma-membrane potential had already been observed in a genome-wide screen for cationic-drug tolerance in S. cerevisiae cells (Barreto et al., 2011) .
Effect of FLC treatment on alkali-metal-cation tolerance and content
We showed that the lack of Cnh1 antiporter, Ena1-ATPase or both of these exporters resulted in an impaired export of surplus alkali-metal cations (Fig. 2b) . Further, we observed a hyperpolarizing effect of a subinhibitory concentration of FLC on C. glabrata cells, which led to an increased sensitivity to cationic drugs, probably resulting from their higher uptake (Fig. 4) . It follows that C. glabrata cells, especially mutant strains, treated with FLC should be hypersensitive to alkali-metal cations. To verify this assumption, we performed a series of drop tests on YPD with subinhibitory concentrations of FLC, NaCl, KCl and combinations of them, and measured the [Na + ] in of FLC-treated cells. Fig.  5(a) shows the effect of 20 mg FLC ml 21 on C. glabrata tolerance to NaCl and KCl. C. glabrata WT cells tolerate a relatively high concentration of KCl or NaCl (Krauke & Sychrova, 2010b) , but in the presence of 20 mg FLC ml 21 did not grow on 1 M KCl or 1 M NaCl. The same concentration of FLC together with half that concentration of KCl (0.5 M) only slightly inhibited the growth of the WT and ena1D strains, while this combination strongly impaired the growth of cnh1D and even more ena1Dcnh1D cells. As C. glabrata cells normally contain approximately 300 mM K + (Krauke & Sychrova, 2011) , the 500 mM external concentration of KCl is not a severe osmotic stress for these cells; the observed growth inhibition in the presence of a subinhibitory concentration of FLC and 0.5 M KCl results from an increased uptake of K + (due to an FLC-induced plasmamembrane hyperpolarization) and a partly impaired activity of Cnh1. The very high sensitivity of cnh1D cells to the combination of FLC and low K + confirms that the full activity of Cnh1 is indispensable for C. glabrata cells to survive FLC treatment in the presence of a slightly elevated concentration of KCl (Fig. 5a) . Similarly, the double mutant (lacking both sodium exporters Ena1 and Cnh1) was the most sensitive to the combination of FLC+0.25 M NaCl, though this NaCl concentration alone only had a marginal effect on cell growth (Fig. 5a ).
Finally, we estimated the sodium content in cells treated with FLC (20 mg ml 21 ) for two cell cycles and then preloaded with 0.25 M NaCl for 60 or 120 min. Similar to the measurement of DY, control experiments verified that FLC did not change [Na + ] in immediately upon addition to the cells (not shown), but it was FLC treatment during the growth of the culture that significantly increased the sodium content in all four C. glabrata strains (Fig. 5b) . The strains lacking the Ena1 ATPase accumulated more Na + than the WT and cnh1D strains. The high Na + content of FLC-treated cells of the ena1D and ena1Dcnh1D strains corresponded very well to their high sensitivity to the combination of FLC+NaCl (Fig. 5) .
Conclusions
In summary, our results showed that although C. glabrata cells are FLC resistant in general, the growth of cells in the presence of subinhibitory concentrations of FLC hyperpolarizes the cell plasma membrane, thus rendering the cells more sensitive to cationic drugs and affecting their ability to maintain cation homeostasis. The combination of a relatively low concentration of FLC together with low concentrations of cationic drugs might serve as a potent treatment of C. glabrata infections, and the effect of this treatment might be enhanced when a specific inhibitor of the yeast Ena1 ATPase is identified. 
